On the basis of a simultaneous description of the isoscalar s-wave channel of the ππ scattering (from the threshold up to 1.9 GeV) and of the ππ → KK process (from the threshold to ∼ 1.4 GeV) in the model-independent approach, a confirmation of the σ-meson at ∼ 665 MeV and an indication for the glueball nature of the f 0 (1500) state are obtained. It is shown that the large ππ-background, usually obtained, combines, in reality, the influence of the left-hand branch-point and the contribution of a very wide resonance at ∼ 665 MeV. The coupling constants of the observed states with the ππ and KK systems and lengths of the ππ and KK scattering are obtained. PACS: 14.40.Cs,11.80.Gw,12.39.Pn,13.75 A model-independent information on multichannel states can be obtained on the basis of the first principles (analyticity, unitarity) immediately applied to analyzing experimental data. The way of realization is a consistent allowance for the nearest singularities on all sheets of the Riemann surface of the S-matrix. Earlier, we have proposed this method for 2-and 3-channel resonances and developed the concept of standard clusters (poles on the Riemann surface) as a qualitative characteristic of a state and a sufficient condition of its existence [1, 12] . The cluster kind is related to the state nature. At all events, we can, in a model-independent manner, discriminate between bound states of particles and the ones of quarks and gluons [1, 13] , qualitatively predetermine the relative strength of coupling of a state with the considered channels, and obtain an indication on its gluonium nature.
1.
A problem of scalar mesons is most troublesome and long-lived in the light meson spectroscopy. Among difficulties in their understanding there is the one related to a strong model-dependence of information on multichannel states obtained in analyses based on the specific dynamic models or using an insufficiently-flexible representation of states (e.g., the standard Breit -Wigner form). Earlier, we have shown [1] that an inadequate description of multichannel states gives not only their distorted parameters when analyzing data but also can cause the fictitious states when one neglects important (even energetic-closed) channels. In this paper we are going, conversely, to demostrate that the large background (e.g., that happens in analyzing ππ scattering), can hide low-lying states, even such important for theory as a σ-meson [2] . The latter is required by most of the models (like the linear σ-models or the Nambu -Jona-Lasinio models [3] - [6] ) for spontaneous breaking of chiral symmetry. Recent new analyses of the old and new experimental data found a possible candidate for that state [7] - [11] . However, these analyses use either the Breit -Wigner form (even if modified) or specific forms of interactions; therefore, there one cannot talk about a model independence of results. Besides, in these analyses, a large ππ-background is obtained.
A model-independent information on multichannel states can be obtained on the basis of the first principles (analyticity, unitarity) immediately applied to analyzing experimental data. The way of realization is a consistent allowance for the nearest singularities on all sheets of the Riemann surface of the S-matrix. Earlier, we have proposed this method for 2-and 3-channel resonances and developed the concept of standard clusters (poles on the Riemann surface) as a qualitative characteristic of a state and a sufficient condition of its existence [1, 12] . The cluster kind is related to the state nature. At all events, we can, in a model-independent manner, discriminate between bound states of particles and the ones of quarks and gluons [1, 13] , qualitatively predetermine the relative strength of coupling of a state with the considered channels, and obtain an indication on its gluonium nature.
2.
Here we restrict ourselves to a 2-channel simultaneous consideration of the coupled processes ππ → ππ, KK. Therefore, we have the 2-channel S-matrix determined on the 4-sheeted Riemann surface. The matrix elements S αβ , where α, β = 1(ππ), 2(KK), have the right-hand cuts along the real axis of the s-plane, starting at 4m For the simultaneous analysis of experimental data on the coupled processes it is convenient to use the Le Couteur-Newton relations [14, 15] expressing the S-matrix elements of all coupled processes in terms of the Jost matrix determinant d(k 1 , k 2 ), the real analytic function with the only square-root branch-points at k i = 0. Earlier, this was done by us in the 2-channel consideration [12] with the uniformizing variable z = (
which was proposed in Ref. [16] and maps the 4-sheeted Riemann surface with two unitary cuts, starting at 4m 2 π and 4m 2 K , onto the plane. Note that other authors have been also applied the parametrizations with using the Jost functions at analyzing the s-wave ππ scattering in the one-channel approach [17] and in the 2-channel one [13] . In latter work, the uniformizing variable k 2 has been used, therefore, their approach cannot be emploied near by the ππ threshold.
When analyzing the processes ππ → ππ, KK by the above methods in the 2-channel approach, two states (f 0 (975) and f 0 (1500)) were found to be sufficient (χ 2 /ndf ≈ 1.00).
However, there the large ππ-background has been obtained. A character of the repre-sentation of the background (the pole of 2nd order on the real axis on sheet II and the corresponding zero on sheet I) suggests that a wide light state is possible to be hidden in the background. To check this, one must work out the background in some detail. Now we will take, in the uniformizing variable, into account also the left-hand branchpoint at s = 0. We use the uniformizing variable
which maps the 4-sheeted Riemann surface, having (in addition to two above-indicated unitary cuts) also the left-hand cut starting at s = 0, onto the v-plane. In Fig.1 , the plane of the uniformizing variable v for the ππ-scattering amplitude is depicted. The
Roman numerals (I, . . . , IV) denote the images of the corresponding sheets; the thick line represents the physical region; the points i, 1 and
correspond to the ππ, KK thresholds and s = ∞, respectively; the shaded intervals 
The condition of the real analyticity implies d(−v * ) = d * (v) for all v, and the unitarity needs the following relations to hold true for the physical v-values:
The d-function that on the v-plane already does not possess branch-points is taken represents the contribution of resonances, described by one of three types of the pole-zero clusters, i.e., except for the point v = 0, it consists of zeros of clusters:
where M is the number of pairs of the conjugate zeros.
3.
Here we analyze simultaneously the available experimental data on the ππ-scattering [18] and the process ππ → KK [19] in the channel with
To obtain the satisfactory description of the ππ scattering from the threshold to 1.89
GeV, we have taken B π = 1, and three states turned out to be sufficient: the two ones Here for the ππ phase shift δ 1 and the elasticity parameter η, 113 and 50 experimental points [18] , respectively, are used; when rejecting the points at 0.61, 0.65, and 0.73 GeV for δ 1 and at 0.99, 1.65, and 1.85 GeV for η, which give an anomalously large contribution to χ 2 , we obtain for χ 2 /ndf the values 2.7 and 0.72, respectively; the total χ 2 /ndf in the case of the ππ scattering is 1.96.
With the presented picture, the satisfactory description for the modulus of the ππ → KK matrix element |S 12 | is given from the threshold to ∼ 1.4 GeV (Fig.2) . Here 35 experimental points [19] are used; χ 2 /ndf ≈ 1.11 when eliminating the points at 1.002, 1.265, and 1.287 GeV (with especially large contribution to χ 2 ). However, for the phase shift δ 12 (s), slightly excessive curve is obtained. Therefore, keeping the parameterless description of the ππ background, one must take into account the part of the KK background that does not contribute to the ππ-scattering amplitude. Note that on the v-plane, S 11 has no cuts; however, the amplitudes of the processes KK → ππ, KK do have the cuts which arise from the left-hand cut on the s-plane, starting at s = 4(m
. This left-hand cut will be neglected in the Riemann-surface structure, and the contribution on the cut will be taken into account in the KK background as a pole on the real s-axis on the physical sheet in the sub-KK-threshold region; on the v-plane, this pole gives two poles on the unit circle in the upper half-plane, symmetric to each other with respect to the imaginary axis, and two zeros, symmetric to the poles with respect to the real axis, ı.e., one additional parameter is introduced (a position p of the pole on the unit circle).
Therefore, for B K we take the form
Fourth power in (5) is stipulated by the following. First, a pole on the real s-axis on sheet I in S 22 is accompanied by a pole on sheet II at the same s-value (as it is seen from eqs. (1)); on the v-plane, this implies the pole of second order. Second, for the s-channel process ππ → KK, the crossimg u-and t-channels are the π−K and π−K scattering; this results in the additional doubling of the multiplicity of the indicated pole on the v-plane.
The expression (5) does not contribute to S 11 , i.e. the parameterless description of the ππ background is kept. A satisfactory description of the δ 12 ( √ s) (Fig.3) is obtained to ∼1.52
GeV with the parameter p = 0.948201 + 0.31767i (that corresponds to the position of the pole on the s-plane at s = 0.434GeV 2 ). Here 59 experimental points [19] are considered; χ 2 /ndf ≈ 3.05 when eliminating the points at 1.117, 1.247, and 1.27 GeV. The total χ 2 /ndf for four analyzed quantities to describe the processes ππ → ππ, KK is 2.12; the number of adjusted parameters is 17, where they all (except a single relating to the KK background) are positions of poles describing resonances.
In Table 1 , the obtained poles on the corresponding sheets are cited on the complex energy plane ( √ s r = E r − iΓ r ). Since, for wide resonances, values of masses and widths are very model-dependent, it is reasonable to report characteristics of pole clusters which must be rather stable for various models.
Now we can calculate the constants of the obtained-state couplings with the ππ − "1" and KK − "2" systems through the residues of amplitudes at the pole on sheet II.
Expressing the T -matrix via the S-matrix as
, where [18] ), obtained in the analysis of the decay K → ππeν with using Roy's model; 0.24 ± 0.09 (A.A. Bel'kov et al. [18] from analysis of the process π − p → π + π − n with using the effective range formula; 0.23 (S. Ishida et al. [9] , modified approach to analysis of ππ scattering with using Breit-Wigner forms; 0.16 (S. Weinberg [20] , current algebra (non-linear σ-model)); 0.20 (J. Gasser, H. Leutwyler [21] , the theory with the non-linear realization of chiral symmetry); 0.26 (M.K. Volkov [22] , the theory with the linear realization of chiral symmetry).
We have here presented model-independent results: the pole positions, coupling constants and scattering lengths. The formers can be used further for calculating masses and widths of these states in various models. The only weak link of this approach was the absence of the σ-meson below 1 GeV.
Let us notice that the character of the f 0 (665) pole-cluster (namely, a considerable shift of the pole on sheet III towards the imaginary axis) can point to the unconsidered channel with which this state is, possibly, coupled strongly, and the threshold of which is situated below 600 MeV. In this energy region, only one channel is opened: this is the 4π channel. It is interesting to verify this assumption, because it concerns such an important state.
A minimum scenario of the simultaneous description of the processes ππ → ππ, KK does not require the f 0 (1370) resonance; therefore, if this meson exists, it must be weakly coupled with the ππ channel, e.g. be the ss state (as to that assignment of the f 0 (1370) resonance, we agree with the work [24] ).
The f 0 (1500) state is represented by the pole cluster which corresponds to a flavour singlet, e.g. the glueball.
We emphasize that the obtained results are model-independent, since they are based on the first principles and on the mathematical fact that a local behaviour of analytic functions, determined on the Riemann surface, is governed by the nearest singularities on all sheets.
Finally, note that in the model-independent approach, there are many adjusted parameters (although, e.g. for the ππ scattering, they all are positions of poles describing resonances). The number of these parameters can be diminished by some dynamic assumptions, but this is another approach and of other value.
Figure Captions analysis of the experimental data on the coupled processes ππ → ππ, KK in the channel with I G J P C = 0 + 0 ++ . The data on the process ππ → KK are taken from Ref. [19] . 
